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[101] =k
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[102]

[103] <23 1>
[104] i%ﬂéﬂ A *‘Al o MF‘@LH—E AAg F2AE A 'o‘} Ho}O%
2AH

& EH'

HE2-S 3 38HE 50mM 01{} Wz
2718k a w ks A 1A 7 HER] 3
7k ﬂi“}il?ﬂA% o]-&sto] A sk lvt. 1L A3, F2HA
Tt AT E e Ao R S H AU 2), FAA 9] T5F7) Spssooﬂ
A RE = ﬁ Loty F e, ofAllE, o] A g2 B

A Lol BA L 7h 2 A R ebE 18 1) (Agilent, USA)E ©]
212 okl o] 3 154
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~
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A
-
A
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[105] 3t 1
[Table 1]
214 (injector) <% 320°C
A7) 25 320°C
Q1 Ale] 2~& ¥ Y] (injector split ratio) 20/1
9] -] 0.1uL
=4 80°C/20%-
CRARI 300mL/3-
H, 7+ 30mL/%-
Z+el: Supelco CarboWAX

[106] 7l mvbEI ) A 231

[107]
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[108] <13 o] 2>

[109]  F2FA| SP850¢] HF-1hE-o] FA el £ 8kelstr] 8l F-8-2-2 F2ol
talo] o shA A S F ekl L Eg o A Ao ol A ARG E = ml) ol A =
Hj kel o] ZHel & B 93f = F-2 Algt ok HekES S| ofF 317 wj <ol
ko FA S v Fasih WA ek g s E3hd
CGM NA vl #] 50mLol| 3g(12F %) F2AE 7138t al 200rpm &=
SLRFSA A 302, 14k, 245, 51k, 1045, 30+, 1A (F ©h9f 2 A& 3ko] &9 9
AFsta Qe R FEE 7l aRntEadgy 248 S8 Feladu

[110] L1 A¥, BFe sE d oA F8=o] oF 13k o] ulell A F2H = A=
skelel o= A= 3)

[111]

[112] <3l ol 3>

[113] 782 dhaol AAg F2hA1 o] o whg 208 gR1sH7] Hate] A=
ZR2EYUR AdFE ARSI A E Had 2edk 22 dE S

acetobutylicum PJC4BK-IPA2)S A &3St E22EQ U3 A5
CGM(Chlostridium Growth Media) 2% | ] %] (0.75g/L. K2HPO4, 0.75g/L KH2PO4,
0.7¢/L, MgSO4H20, 0.017g/L. MnSO4H20, 0.01¢/L, FeSO4H20, 2g/L (NH4)2504,
1g/L NaCl, 2g/L o}Z2=~3}12} 71 (asparagine), 0.004g/L p-©} V] 1=

Wl Z2F(p-aminobenzoic acid), Sg/L &4 =% = (yeast extract), 4.08g/L
CH3COONaH20, % 80g/L &5 5.2 2) 60mLol A OD600=0.57} =& w7} =] & 7]
Z7 0 A vkt o] 3 vl A S A El A 10 F < A SFaL, v S

7000G % 105 &<k 4°Co| A 94 E-g] et} 270mM 9~ 2 2.2~ 15mL 2 686mM
1-

NaH2PO4(pH 7.4¢]) 0.11mLE & 3§}+3}o] A 7] 3 F (electroporation) $F3 & oS-
Az AT A E DS 79 o] Al AV HAF GEEN o R 35 AL
U, 22 589 2mLol| A EElo] W38 A EE A 23T o] HA
A2 8 A A5-2 A3 500100 23F &8 U] Flo]| =2 A Lol A SFARE
E Sl 0.5~2.0g2] ZEk v =5 3 71381o] Bio-RadAl2] Gene pulser 115
o] &3}o] A7) F(4mm FH, 2.5kV, 0oQ, 25uF)S F=8) 5} a1 A A 71 H 71
Hjkeloll A 7] w3l 5 A A3 FFE A3 ol S-S 99
ARE3E e v B B A7) HF A pANT W E 2 8l A gk gt
ER22750| A vl € g ¥ o] SR AEHT R 59 A ¢ Al =" (restriction
system)©l] 2F-8-& WEX] oFA] A2t A E ol

[114] oA v el F R 2Eg v & o5 PIC4BK-IPA2E
CGM/E = 3 3| Y &+ (Chlorampenicol) 3 ¥ 0l x| of] T3} o] 37 °Cof| 4| HHA & 7]
W ekat gl ol vk F21 270 & CGM/E 2| Y = v kN 20mL7} 3k
50mL 3] FHdl 5 F3la, 37 °Coll A A A8} 0D600=3°] & wj7}=] & 7]
v ekl gl e, v ke F 7S A 8% S5 7L 2 100mLE ¥ 33k CGM
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[115]
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o A ul <] of] 7 £3}aL 37 °Coll A A 2] 3HH OD600=2~3°] = w7} +] & 7]
i eFako] CGM A vl A] 1Lo} 5214 71 2H2E 0(0g/L, A 253, 200(60g/L)

X =]
W & Al 2FaF AT vl ok Al &F 5 20g/L ol LY FEE
3AIZE mpeh A W = FEhE oA, o] AZ R RS Y e 5O v EE
EA ST e o, o] AT RS H o 88 o
7} AR vE 18] 9] (Agilent, USA)E o]-&3F o, 4 2712 5% 19 219
sdatA skl

B e s B e B e e R B e B A B e e i 1
AR vE 217 9] (High Pressure Liquid Chromatography; HPLC), 7}~
AR vFE 17 9] (gas chromatography), Wi-4] 7] & o] &3l &<l 4=
ZUL 0] F O R 0.0IN FAE g3 =5 o] &akl o 42
0.6mL/min®| t}. Z¥ 2> Aminex87H = Aminex87P(Bio-rad, USA)7}

ol gyl om MY = Fat F7] 42 HEALS-(Reflective Index; R) & 7] &

o] -&3fo] A3kt

t}. HPLC

T

A}, 35200 VHERE nEef o], Aol A vl ofe A2 e B Ed o] wa s
%%LX] = LSSk M F ol A U W FEbE, oAl E, o] AR Y o i
o A ES A= A2 AT 5 o F2A o] 9ol 250mL/LY
HAAE A = AU

';:‘i
[Table 2]
=2 o] | BA = (g/L) T | WAEEQg |2 TR
FmLL) (o1 |oar 2w [ipa |3t |2 [LAIRH |ERIRHL
2l | )
0 0.4 4.1 16.8 |3.3 25 35 0.6 70
200 0.6 7.7 23.1 9.6 40 33 1.35 120
250 3.6 8.4 27.6 6.2 46 34 1.2 132
300 2.3 6.2 27.1  |7.8 433 |30 1.09 153
350 7.0 7.2 25.1 |54 447 |28 1.06 161
400 6.4 8.53 [27.2 |7.6 49.7 |30 1.10 166
<23l e 4>
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[Table 3]
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P45

1l YFA]
Zk(h)

MO
oXleti
wwn
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-111
U
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2.2
1.8
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1.5
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6.4
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26.9
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[138]
[139]

[140]

[141]

AL 2 D A2 29 FAAS AAE S 5 Aok v P9 £ P
}

S 714 W g R & o] &alo] FLEke ol A&, W of B
7FAl = C. of A E R 2] FH(C. acetobutylicum) PJC4BK o2 A| £ 3}0] A}7]
218 o E 3} 7o) wi kvt WA 2.7L.2] CGM ) Al =] 7} SEgHE wk-S-7] o]

Bl

[e]
HEA) CGM A u A ol A @ 7] ul & T 300mLE A v g

(0]

E FS
A28k el B a9 Al of of] X = AW Wl X (batch) T E R G S
WjFstd ol o =& XY 3 a2 a5 Eo] F B2 ofAE 2 oL 52
A e Axst7] HallA = ME 2gst JE = e 5 A& Aol m ¢
A Zbap A of] Wl ok ol & S 5L E R 5 30mL/ming] FE5 02 A1 Y-S

4 S A F 2 A SP850©] Hl Y o
Sh A Y o] B Fo] AlaEe] EF Wojud 95|
HFE) A kol Al 2SSk S Elsk ik w9k, Al 2Rl o] E
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e
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ZHA AT Al 2 o
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Bl %k 4 ¢t F 5 == HPLC 2
HE2, ofA &, o] AT R g i ollihe 5
ARvtEIH Y E S8 2lsk i

4715 o] 83ko] 20L& FA 3T,
o] A E-o] of o 7}

A, oF 15047 EB A S = kA v oS ekl on, Ao I E =
Hj ol (F 2 ) U] A =] s i T o A v v & (&2 5 Ul
A& FE7F A 8] wolbxl A& RISkt 5, AR oA miEH &
U] FEE O}Aﬂ%, Do EE T A EO] wj - RS FEE FAHE A
ghelel = AATh gk, v g A el A A o] A s s F4H o,

H| A Eo] Feke-o] Aol f S whA| kol b A o2 A ES Al 2T
ATH= Flo] A FATH 5k A1 Lol Fabe FEhe of A&, H o g2
o BAAESZ95°CY =2 HASI on, I A, FEkE of A=, B ol Bk
5o A EO] oA 2 H g = S Gl 5 AT = 209
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[Table 5]
MAE (g . AN Y | 2RI~
= =43 NEL PN
OLME | ofEte | HEt2 | o K R 9
HH QFoH 14.1 499 61.8 125.8
Eb&k 58.4 106.5 5257 690.6 31 124 146 2610
SHA| 72.4 156.4 587.6 8l6.4

[144]  opAlE, ol &h2 B Fa-aof Al A

[145]
[146] 3t 6
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[Table 6]
e EEE oL E ge re g %jdﬁ
&
AR OME [olere | e | FAT| B | FAT | S | F AT w2 | 5,
22 1.1 0.0 5.8 0.6 3.6 1.1 2.1 0.3 8.1 la
25 2.5 0.9 5.9 1.1 3.6 1.6 3.0 1.6 8.0 1b
29 2.4 1.3 7.7 1.0 3.7 1.8 3.9 2.1 9.1 2a
32 1.7 1.1 8.2 1.3 4.0 2.5 5.0 2.9 10.7 2b
35 1.7 1.3 10.1 1.6 3.8 3.6 5.4 3.8 10.8 3a
41 3.4 3.5 13.9 1.2 3.6 2.6 5.9 4.0 10.6 3b
44 0.0 0.9 5.9 0.5 3.0 2.0 5.6 0.7 9.6 4a
47 1.5 1.7 12.4 0.2 2.8 1.3 5.8 0.6 7.0 4b
50 1.4 1.6 11.2 0.5 2.6 2.D 5.8 0.6 6.4 ba
53 1.5 1.9 10.4 0.6 2.9 2.3 6.2 0.8 6.0 5b
56 1.4 1.8 8.2 0.4 2.8 2.4 6.6 0.5 6.7 Ba
59 1.4 2.0 8.2 0.5 2.7 3.0 7.0 0.6 7.0 6b
62 1.1 1.8 8.2 0.8 2.7 4.5 7.7 1.1 8.1 7a
65 0.2 1.1 7.7 0.5 2.6 3.4 8.2 0.5 8.2 7b
68 1.4 2.6 9.0 0.5 2.6 3.9 8.7 0.8 9.0 8a
71 1.2 2.2 12.6 0.5 2.5 3.5 8.6 0.7 8.4 8b
74 1.3 2.1 11.6 0.2 2.5 2.3 8.7 0.3 8.4 9a
77 0.0 1.3 11.8 0.5 2.4 3.9 8.9 1.0 8.7 9b
80 0.9 1.9 11.9 0.4 2.4 3.8 8.9 0.8 8.7 10a
83 0.7 1.7 12.2 0.6 2.4 4.5 9.1 1.0 8.7 10b
86 0.8 1.8 11.7 0.4 2.4 3.8 9.0 0.8 9.1 11a
89 1.0 2.2 13.2 0.5 2.5 4.3 10.0 0.8 10.3 11b
92 1.1 3.1 10.1 0.9 2.3 6.4 10.2 1.7 10.6 12a
94 0.6 1.9 11.6 0.4 2.0 4.2 9.9 0.6 9.1 12b
96 1.2 3.0 13.1 0.6 1.7 5.9 9.4 1.2 7.3 13a
98 1.1 2.9 12.3 0.3 1.6 4.0 9.1 0.6 6.2 13b
101 1.1 3.1 13.6 0.3 1.5 4.0 8.9 0.9 5.8 14a
104 1.0 2.8 12.6 0.3 1.6 3.6 8.7 0.5 8.7 14b
107 1.3 2.9 9.9 0.2 2.1 2.3 8.9 0.3 7.2 15a
109 1.6 3.2 10.2 0.2 2.1 2.7 8.7 0.3 6.7 15b
111 1.7 3.7 8.3 0.3 2.2 2.9 8.6 0.7 7.7 16a
114 1.6 3.1 12.7 0.3 2.2 3.2 8.7 0.8 8.9 16b
116 1.3 2.7 11.6 0.3 2.0 2.7 9.4 0.8 9.0 17a

[147]
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118 0.7 1.7 L7 0.4 1.9 3.6 8.4 0.9 7.8 17b
120 1.2 2.9 .3 0.2 1.9 2.1 9.1 0.8 8.3 18a
122 1.2 2.7 .2 0.6 1.7 5.0 8.1 1.3 6.7 18b
124 1.2 2.9 .1 0.3 1.7 3.2 8.4 0.8 7.2 19a
126 1.1 2.7 .2 0.3 1.7 3.4 8.2 0.7 6.8 19b
128 1.2 2.9 .2 0.1 1.8 1.5 8.3 0.4 6.9 20a
131 1.2 2.6 .9 0.2 2.0 2.5 8.8 0.4 8.0 20b
134 0.9 2.1 7 0.3 2.2 2.7 9.0 0.6 8.7 21a
136 1.4 2.9 ) 0.4 2.1 3.5 8.8 0.7 8.4 21b
138 1.2 2.7 .8 0.3 2.0 3.0 8.6 0.9 7.9 22a
140 1.3 2.9 ) 0.6 2.0 4.7 8.5 1.1 7.6 22b
142 1.2 3.0 4 0.3 2.2 3.0 9.2 0.8 8.1 23a
144 1.3 2.9 .2 0.3 2.2 3.2 9.3 0.7 8.1 23b
146 1.1 2.3 S 0.3 2.2 3.0 9,0 0.8 7.6 24a

[148]

[149] * 29} b= 2 2+ S ok

[150] w9 g/l

[151]

[152] <F 39

[153] 100: W&

[154] 110: A 1

[155] 112: &2

[156] 130: vl ¥

[157] 150: A7

[158] 170: A 1

[159] 174: A|3
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[Fig. 2]
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